The interventricular site has been proposed as one of the sites for the myocyte cell death with aging and thereby enhancing the possibility of ventricular dysfunction with aging. Variations in lactate dehydrogenase (LDH), a key glycolytic regulatory enzyme along with its isomers were used as indices to evaluate the anaerobic capacity of the interventricular septum (IVS) in 2-month-old (young) and 12-month-old (middle-aged) rats trained to swim at 25 • C (cold, C) and 35 • C (thermo neutral, N) temperatures. Blood lactate (La) and LDH along with its isoenzymes in the IVS were assessed and compared with untrained and sedentary rats. Increased septal and heart weight was indicative of age-related hypertrophy accompanied by increased septal thickness. Elevated total LDH activity was evident in both the trained groups in the young. The middle-aged animals exhibited lesser variations in LDH and, H and M subunits. The data suggest an efficient adaptability of the IVS of young rats to physical training in contrast to a poor response by the IVS of middle-aged animals.
Introduction
Aging of the myocardium is related to changes in geometry of the heart due to reduction of the baseto-apex ventricular dimension. The interventricular septum (IVS) which separates the ventricle into left (LV) and right (RV) cavities is one of the regions often associated with complications such as mitral valve prolapse (MVP) leading to sudden cardiac death (SCD), which is characterized by extensive fibrosis in the basolateral septum (Burke et al. 1997) . The IVS also bears significance in the series of events leading to its rupture arising as a consequence of myocardial infarction (MI) when the scar tissue replaces the mural tissue at 3-14 days following MI. Age-related increase in ventricular free wall and septal thickness has been reported in humans (Kitzman et al. 1988; Kitzman and Edwards 1990) . The septum with its conduction system differs from the working myocardium in its geometry, ATPase activity, myosin light chain composition, shortened contraction velocity and a better capacity for anaerobic metabolism (Carey et al. 1979; Elias et al. 1980) . Myocyte cell death, generally necrotic in nature is reported to increase progressively with age in the IVS, much similar to the LV and RV (Kajstura et al. 1996) . Hence this could contribute as a significant marker of the aging process that possibly plays a pivotal role in the onset of ventricular dysfunction leading to a cardiac failure in the old. Any enzymatic changes in this region may be of prime relevance for challenging its anaerobic capacity in the aged. It is a site of focal interest for clinicians since most often it is related to the valvular disorders. It would be necessary to further investigate the IVS capacity to meet the physiological prerequisites for an age-dependent physical exercise that can avoid premature fatigue and exhaustion, which is also of clinical interest. Furthermore, reports on a similar or higher glycolytic activity and lower oxidative enzymes in the IVS (Carey et al. 1979) prompted us to undertake the present study with the following hypotheses. Firstly, that there is a decreased capacity for anaerobic metabolism in the aged IVS and the onset of this situation can be prolonged by physical training when initiated at a suitable age. Secondly, responses of the IVS to exercise may be temperaturedependent Therefore, the objectives of this study was to look in to the lactate deydrogenase activity (LDH), a key regulatory glycolytic enzyme along with its five isoenzymes since the enzyme is a tetramer of H and M subunits. The extent of adaptation of LDH in the IVS was tested for exercises at different temperatures, in cold (25 • C,C) and at near body temperature (37 • C,N) since temperature was shown as an interacting factor in the responses of LDH in other sites of the heart such as the right ventricle (RV) of rats that were trained to swim (Prathima and Asha Devi 1999) . For this, young and middle-aged rats were considered.
Materials and methods

Chemicals
Acrylamide, bis, APS, NADH, NAD, NBT, PMS, Sodium and lithium lactates were obtained from Sigma (St. Louis, Missouri). Albumin standard was obtained from Pierce (Rockford, Illinois). All other biochemicals were of reagent grade.
Animal care and training program. Pathogen-free male Wistar albino rats (2 months, young and 12 months, middle-aged representing 7% and 40% of total life span of 2.5 years) were housed two to three in polypropylene cages in a room maintained at 28 ± 1 • C, at 28% R.H. and with 12 h L:D cycle. They had free access to tap water and commercial diet (Lipton India, Calcutta). These rodents were chosen due to their short total life span of 2.5 years Since animal models provide excellent opportunity for studies not achievable in humans, we selected rat for all our studies on IVS. Furthermore, rats have a physiology similar to humans and an added advantage of this model is that exercise of low intensity such as swimming can be easily implemented in untrained rats.
Animals were handled when cages were changed or during weekly weighings and daily trainings. Both age groups were allocated into five categories and trained as described elsewhere (Anitha and Asha Devi 1996; Sharon and Asha Devi 2001) . Briefly, the various categories were: (A) sedentary controls (SE-C), (B) trained swimmers at 25 • C (T-25), (C) untrained swimmers at 25 • C (U-25), (D) trained swimmers at 35 • C (T-35) and (E) untrained swimmers at 35 • C (U-35). Animals were trained to swim in a glass tank and were made to swim for 5 min/day with a progressive increase to 30 min/day for 30 days at 25 • C (cold) and 35 • C (thermo neutral). The untrained were allowed to swim at a stretch for 30 min, 24 h prior to sacrifice. Among the trained, one animal developed labrynthitis after 3 to 4 weeks of exercising and was eliminated from further studies
Tissue and blood sampling. Blood drawn from the heart was deproteinised using 5% TCA at 1:10 dilution and lactate was quantitated by the method of Barker and Summerson (1965) . The heart was washed in icecold Tyrode's solution several times and trimmed of blood vessels. The region of study, viz. IVS, was isolated 2/3 from the apex and diced in the same media. A 20% homogenate was prepared in ice-cold 0.25 M sucrose (Fine et al. 1963) . Homogenate was centrifuged at 4 • C (Sorvall RC 5C) for 20 min at 280,000 × g. The procedure was repeated thrice and the combined supernatants were used for LDH assay (Cabaud et al. 1965 ) and separation of LDH isoenzymes on mini polyacrylamide gels (Celis 1964) . Gels were stained by the procedure of Dietz and Lubrano (1967) . Slabs were scanned on a LKB laser ultroscan-XL, which determined the peak heights as percentage. Activities of individual isoenzymes were calculated in terms of percentage relative area. Absolute H-LDH and M-LDH were calculated from total LDH activity as well as % H-LDH and % M-LDH (Everse and Kaplan 1973) . Protein estimation was by the method of Lowry et al. (1951) using bovine serum albumin as a standard.
Statistical analyses
All data are represented as mean ± SD of three animals. Significance of variables were tested by applying Student's t-test when comparisons were made between sedentary and exercised animals, and considered significant only when P < 0.001. Multiple comparisons between the experimental groups and age were evaluated through two-way ANOVA for significance at 5%. Figure 1a shows the changes in heart weight of young and middle-aged rats trained in cold (T-25) and thermo Figure 1 . Changes in the heart weight (a) and septal weight (b) for young and middle-aged rats that were trained to swim at 25 and 35 • C. * P < 0.001; @ P < 0.02; # P < 0.01. neutral (T-35) temperatures. Both age groups showed significant increases in weight compared to SE-C rats at 25 • C and 35 • C (P < 0.001). However, the changes were insignificant between the groups as evidenced by ANOVA test. IVS weight was considered in order to determine if hypertrophy was prevalent as a result of exercise training. IVS weights were higher in the trained animals, irrespective of temperature and age, while in the young T-25 and T-35 indicated an 11% (P < 0.001) and 31% (P < 0.01) increase, respectively, over the SE-C, the older animals exhibiting increases of 24% (P < 0.02) and 47% in the T-35 rats (Figure 1b) . Untrained young and middle-aged swimmers exhibited higher La content in their blood compared to their trained counterparts. In the young T-25, a 35% decrease was seen unlike the T-35, which showed 68% reduction (Figure 2a) . Total LDH activity in the IVS from different groups showed less significant changes in the trained young at both temperatures and this was unlike the untrained young at 25 and 35 • C (P < 0.01). A notable change that was seen in the middle-aged rats was an elevated LDH activity in response to training at both temperatures (P < 0.001) with the T-35 rats having higher activity. However, the increases were not noticeable in the middle-aged U-25 rats (Figure 2b ). Five distinct isoenzymes were observed in the IVS of young (Figure 3a ) and middle-aged (Figure 3b ) rats. The pattern was characterized by reduced LDH-I and -V in the young T-25 with a 25% increase in LDH-II, a 2.6-and 3.5-fold increase in LDH-III and LDH-IV, respectively. U-25 rats also exhibited decreased LDH-I and -V. However, the extent was less than exhibited by their trained counterparts. T-35 revealed a significant decrease in LDH-I (P < 0.001) and -II (P < 0.02), while the remaining isozymes were elevated. In the U-35, barring a decrease in LDH-I, all other isozymes showed higher activities than the SE-C (Figure 3a ). In the middle-aged T-25, LDH-II increase was parallel to decrease in LDH-IV. Changes in the remaining isozymes were insignificant. Significant elevations in LDH-III and -V were seen in U-35 (Figure 3b) .
Results
In contrast to LDH-I, LDH-V increased significantly by 3 and 3.2-fold in T-35 and U-35 young IVS. In the middle-aged IVS, LDH-V (M 4 ) activity in the SE-C was less than in its younger counterparts. Apart from T-25 all other middle-aged groups showed significant increases ranging from (2.6-to 3-fold) in this isoenzyme (Figure 3b) . Irrespective of age, it was LDH-II (H 3 M) that showed the second highest activity in the IVS among the remaining isoenzymes. Increase in M-LDH was seen in the young experi- Figure 2 . Alterations in blood lactate (a) and heart LDH activity (b) in relation to age and swim training in cold and thermo neutral temperatures. For abbreviations, see Table 1 .
mental groups (Table 1) , while in the middle-aged no significant changes were noticeable (Table 2) . Unlike in their younger counterparts, M-LDH decreased in the middle-aged trained rats at 25 and 35 • C and with a slight elevation in M-LDH in the U-35 group. However, training them at 25 • C induced an increase in the H-LDH (P < 0.001).
Discussion
The inter ventricular septum has fine conducting fibers, the final components of the working heart muscle. The septum has a better capacity for anaerobic conditions (Elias et al. 1980; Carey et al. 1979) than the working myocardium and hence the interpretation of IVS responses that we have reported here is largely in terms of the IVS's adaptation to overcome oxidative stress in animals that were subjected to regular swimming exercises and to derive the benefits of exercise training in the young as well as in the middle-aged. The increase in septal and heart weight can be related to the age-related myocardial hyper- trophy along with an increase in the septal thickness (Lakatta 1993) . Our findings of insignificant changes in total LDH activity in cold as well as thermo neutral temperatures in the trained young as opposed to the untrained can be explained as less tolerance to hypoxia in the latter wherein decreased LDH-I and -V were seen in the T-25 rats while LDH-IV increased in the same group of rats. However, T-35 rats had significant decreases in LDH-I and LDH-II, while -III, -IV and -V increased The increase in H 4 and H 3 M may be indicative of the IVS adaptation in inhibiting the accumulation of lactate in response to training at thermo neutral temperature. This may be similar to adaptive changes seen in the working myocardium of high altitude-adapted rats and rats that were trained to swim (Penney et al. 1974; Prathima and Asha Devi 1999) . Under hypoxic conditions, subunits shift from H-to M-type. Decreased LDH-V activity as seen in the middleaged SE-C rats is indicative of decreased anaerobic metabolism in the IVS with age. In these rats decrease in LDH-I and -II of T-35 group was evident. LDH-IV and -V increased with a similar trend for LDH-IV in the untrained rats at 35 • C.
From the results of this study, it appears that total LDH increases significantly in the young but not in the middle-aged IVS when trained in cold and thermo neutral temperatures. Under well-oxygenated condi-tions, the heart is a lactate consumer (Stanley 1991) . However, since the IVS is known to have a higher glycolytic than oxidative enzymes, lactate may be a less preferred substrate especially in the middleaged, wherein the animals are likely to have a lower capacity for lactate utilization. Thus, unlike the LV and RV (Prathima and Asha Devi 1999) , the IVS in the trained shows insignificant elevations in the middle-aged animals. The IVS of the young respond to situations of anaerobicity more efficiently than the middle-aged, which show little or no adaptation, as evidenced by total LDH and H-and M-subunit variations. A possible metabolic role for the altered LDH in the trained rats may be related to the H-and M-LDH composition. Based on our results of increased M-LDH in the IVS of young rats trained in cold as well as thermo neutral temperatures, it is attractive to suggest that the IVS is challenged with decreased oxygen. It is necessary to point out that the IVS has higher glycolytic and lower oxidative enzymes (Elias et al. 1980 ) and hence a better anaerobic metabolism. The increased proportion of M-LDH as compared to H-LDH may also be a consequence of septal hypertrophy, where the tissue is metabolically similar to young embryonic tissue (Dawson et al. 1964) , and increased utilization of anaerobic glycolytic metabolism for energy production. The beneficial effects of swiming exercise in cold as well as thermo neutral temperatures are relatively significant in the IVS of the young in terms of a better anaerobic capacity through enhanced M-LDH. Swimming exercise when initiated at a young age and continued until middle age and even thereafter may prove to be more effective in the adaptability of IVS to anaerobic situations than when initiated at other ages.
